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Abstract 


A  LONG  TERM  ASSESSMENT  OF  THE  CLINICAL  EFFICACY 
OF  THE  FIBEROTOMY  AS  IT  RELATES  TO  ROTATIONAL  RELAPSE 

Walter  D.  Rye,  D.D.S. 

Captain,  USAF 
pp.  56 

Master  of  Science  in  Dentistry 
University  of  Washington,  Seattle,  WA 
m3 

—  >This  study  was  undertaken  to  assess  the  clinical  efficacy  of  the 
fiberotomy  as  it  relates  to  long  term  rotational  stability  of  dentition. 

Forty-eight  orthodontic  patients  who  had  received  conventional 
edgewise  orthodontic  treatment  provided  control  and  experimental  samples 
consisting  of  91  non-fiberotomized,  orthodontically  rotated  teeth  and 
73  fiberotomized,  orthodontically  rotated  teeth.  All  teeth  had  been 
retained  for  a  minimum  period  of  six  months  following  treatment. 

After  a  minimum  postretention  period  of  two  years,  assessment  of 
rotational  stability  was  conducted  using  photocopies  of  dental  casts 
made  at  three  time  periods:  pretreatraent,  posttreatment,  and  post¬ 
retention.  ) 

Mean  stability,  a  measure  of  percentage  of  treatment  rotation 
maintained  at  the  postretention  period,  was  found  to  be  77.2  percent 
for  the  fiberotomized  sample  compared  to  61.0  percent  for  the  non- 
fiberotomized  sample.  The  difference  in  stability  was  statistically 
significant  with  the  probability  that  this  difference  could  have 
occurred  due  to  chance  of  less  than  one  percent. 

Conclusions  derived  from  this  study  included:  1)  fiberotomy  will 
reduce  the  potential  for  rotational  relapse  probably  by  inactivating 
forces  developed  within  displaced  gingival  fibers;^)  there  does  not 
appear  to  be  a  difference  in  relapse  potential  between  arches  or  tooth 
categories;  and  3)  there  does  not  appear  to  be  a  relationship  between 
amount  of  treatment  rotation  and  percent  relapse,  i 
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INTRODUCTION 

Over  the  years,  remarkable  advances  have  been  made  In  the  mechan¬ 
ical  aspects  of  orthodontic  therapy.  Preformed  bands,  bondable  brackets, 
flexible  archwires,  and  orthognathic  surgery  are  but  a  few  of  the  recent 
advances  unavailable  to  the  early  practitioners  of  orthodontics.  Al¬ 
though  our  ability  to  correct  malocclusions  has  been  vastly  simplified, 
our  ability  to  retain  these  corrected  dentitions  is  still  very  limited. 

The  problem  of  retention  has  perplexed  orthodontists  almost  as  long 
as  orthodontics  has  existed  as  a  profession.  Case  (1920)  stated,  "If 
there  is  one  part  of  orthodontia  more  than  another  that  is  absolutely 
Indispensable  to  the  success  of  this  specialty  and  its  establishment 
upon  a  firm  foundation  as  one  of  the  arts  and  sciences,  it  is  the  perma¬ 
nent  retention  of  regulated  teeth."  Oppenheim  (1934)  was  more  succinct 
when  he  claimed,  "Retention  is  the  most  difficult  problem  in  orthodon¬ 
tia,  in  fact  it  is  the  problem."  These  same  sentiments  are  expressed 
today  by  conscientious  practitioners  who  possess  enough  courage  to  ex¬ 
amine  their  postretention  cases. 

Innumerable  retention  philosophies  have  been  advanced  over  the 
years.  Riedel  (1960),  having  reviewed  the  retention  problem,  enumera¬ 
ted  some  of  the  factors  and  principles  thought  to  be  important  by  vari¬ 
ous  individuals.  These  included:  slight  movement  is  more  difficult  to 
retain  than  extensive  movement;  elastics  should  be  worn  continuously  as 
a  part  of  retention;  retention  should  depend  on  a  fixed  type  of  appli¬ 
ance;  satisfactory  retention  is  dependent  upon  modification  of  structure 
and  function  of  tissues;  occipital  retention  should  be  used;  we  should 
correlate  treatment  with  development;  function  is  the  most  important 


factor  in  retention;  the  appliances  should  be  removable  and  not  depend¬ 
ent  on  teeth  for  retention;  overcorrection  of  all  malpositions  should  be 
attempted;  retention  is  dependent  on  bone  changes  which  in  turn  are  re¬ 
lated  to  endocrine  dysfunction,  functional  adaptation  of  occlusion,  and 
inherent  growth;  retention  is  a  problem  of  the  apical  base  limitations; 
mandibular  incisors  should  be  upright  over  basal  bone;  possibly  there 
are  discrepancies  in  tooth  sizes  that  cause  retention  problems;  early 
treatment  is  more  desirable  than  later  treatment;  intercanine  width  and 
intermolar  width  should  be  maintained;  it  is  desirable  to  achieve  muscle 
balance;  one  should  use  mild  forces;  limitations  are  imposed  on  the  or¬ 
thodontist  by  arch  size.  With  so  many  principles  having  been  advanced, 
many  based  on  empirical  evidence,  there  is  small  wonder  that  retention 
remains  somewhat  of  a  mystery. 

Little,  Wallen,  and  Riedel  (1981)  assessed  postretention  relapse  in 
mandibular  dentitions  of  65  cases  greater  than  five  years  out  of  reten¬ 
tion.  Using  the  irregularity  index  (Little,  1975)  as  a  measure  of 
"crowding"  they  found  that  neither  sex,  pretreatment  Angle  class,  length 
of  retention,  initial  irregularity,  age  at  initiation  of  treatment,  nor 
any  combination  of  these  factors  was  a  useful  predictor  of  the  amount  of 
postretention  relapse.  Swanson,  Riedel,  and  D'Anna  (1975),  after  re¬ 
viewing  116  postretention  cases,  concluded  that  "age,  sex,  classifica¬ 
tion,  presence  of  extractions,  and  growth  of  the  maxilla  or  mandible  had 
no  effect  on  rotations  (relapse)  found  at  the  end  of  the  postretention 
period."  They  did,  however,  find  that  "the  amount  of  relapse  experi¬ 
enced  by  an  orthodontically  rotated  tooth  is  directly  proportional  to 
the  amount  of  rotational  correction  applied  during  treatment." 
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Of  the  many  factors  potentially  involved  in  orthodontic  relapse,  the 
inability  of  gingival  tissues  to  accomnodate  teeth  in  their  corrected 
positions  has  recently  been  strongly  implicated.  Gingival  surgical 
techniques,  gingivectomies  and  circumferential  supracrestal  fiberotomies, 
have  been  tested  in  clinical  and  animal  experiments  and  hav  »nown  prom¬ 
ising  results.  These  techniques  have  been  advocated  for:  ..taining 

extraction  sites  or  diastemas  closed;  preventing  vertical  r  *s  of 
extruded  or  intruded  teeth;  preventing  facial  or  lingual  relapse  of 
teeth;  and  maintaining  teeth  that  have  been  rotated. 

The  fiberotomy  has  been  thought  to  be  an  effective  tool  in 
minimizing  rotational  relapse  and  is  currently  being  advocated  by  many 
clinicians.  The  theory  behind  its  use  is  that  the  orthodontically 
stretched  supra-alveolar  and  transseptal  fibers  provide  the  necessary 
forces  which  tend  to  rerotate  a  tooth  postorthodontically.  By  severing 
these  stretched  fibers  after  tooth  rotation,  it  is  postulated  that  the 
force  of  rotational  relapse  is  alleviated  or  diminished.  Although  a 
review  of  the  literature  concerning  studies  of  fiberotomy  efficacy  dem¬ 
onstrate  Impressively  that  this  is  a  valuable  tool  for  minimizing  short 
term  rotational  relapse,  none  of  the  studies  have  addressed  the  long 
term  benefit  of  this  procedure.  Perhaps  there  are  so  many  factors  in¬ 
fluencing  the  stability  of  the  dentition  that  the  short  term  benefit  of 
the  fiberotomy  is  lost  over  time.  This  study  will  attempt  to  assess 
whether  the  apparent  short  tern  benefit  of  the  fiberotomy  is  maintained 
long  term,  and  if  so,  whether  this  long  term  benefit  is  of  sufficient 
degree  to  justify  fiberotomy  use  routinely  in  clinical  settings. 


REVIEW  OF  LITERATURE 


I.  Arrangement  and  Characteristics  of  Principal  and  Gingival  Fibers 

The  presence  of  fibers  in  the  periodontal  ligament  has  been  known 
for  many  years.  In  his  book,  Treatment  of  Malocclusion  of  the  Teeth , 
Angle  (1907)  described  the  location  and  orientation  of  these  fibers  as 
they  related  to  the  dentition.  He  noted  that  fibers  attatched  to  the 
tooth  terminated  either  on  alveolar  bone,  the  adjacent  tooth,  or  in  the 
gingiva.  He  speculated  that  the  periodontal  ligament  served  three  func¬ 
tions:  vital,  sensory,  and  physical.  The  physical  function  held  the 
tooth  in  place,  resisted  displacement,  and  "supported  the  soft  tissues 
about  the  teeth."  He  believed  that  rotation  of  a  tooth  was  the  second 
most  difficult  tooth  movement  to  accomplish  or  hodontically  due  to  the 
"unusual  number  (of  fibers)  at  the  four  angles  so  arranged  so  as  to  di¬ 
rectly  resist  such  movement." 

G.  V.  Black  (1936)  described  a  gingival  group  and  transseptal  group 
of  fibers.  He  observed  that  the  gingival  fibers  "extend  outward  for  a 
short  distance  from  the  cementum,  and  then  turn  occlusally  and  are  dis¬ 
tributed  to  the  gingivae,  where  they  unite  with  the  fibrous  mat  which 
supports  the  epithelium.  This  group  encircles  the  tooth  completely  but 
is  much  thicker  and  stronger  on  the  labial,  or  buccal,  and  lingual  than 
on  the  proximal  surfaces."  He  speculated  that  this  group  of  fibers 
functioned  in  holding  the  gingiva  snugly  about  the  tooth.  The  trans¬ 
septal  fibers  were  observed  to  connect  adjacent  teeth  across  a  bony 
septum.  These  fibers  he  claimed  were  necessary  to  maintain  proximal 
tooth  contact  from  third  molar  to  third  molar  and  thereby  bestow  health 
upon  the  supporting  structures. 
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Goldman  (1951)  investigated  the  fibers  which  comprised  "the  main 
bulk  of  the  gingiva"  in  monkey  and  human  specimens.  He  noted  that  some 
of  these  fibers,  which  consisted  of  collagen,  arose  from  the  cementum 
and  terminated  in  the  papillary  layer  of  the  gingiva  beneath  the  epithe¬ 
lium.  Others  traversed  the  alveolar  crest  and  united  with  fibers  at- 
tatched  uo  the  outer  periosteum.  Still  other  fibers  linked  adjacent 
teeth.  He  observed  that  the  fiber  bundles  passed  outward  from  the  ce¬ 
mentum  in  groups,  breaking  up  into  a  meshwork  of  small  bundles,  the  fi¬ 
bers  of  which  interlaced  with  each  other.  He  postulated  that  the  func¬ 
tion  of  these  fibers  was  to  maintain  the  gingiva  closely  adapted  to  the 
tooth  surface,  thereby  resisting  the  forces  of  mastication  and  prevent¬ 
ing  apical  migration  of  the  epithelial  attatchment. 

Arnim  (1953)  studied  human,  rat,  and  monkey  specimens  and  observed 
a  dense  connective  tissue  band  which  encircled  the  teeth  from  the  alve¬ 
olar  crest  occlusal ly  to  a  level  subjacent  to  the  gingival  margin.  He 
stated  that  this  circular  band  was  "punctuated  by  and  mingles  with  the 
fibers  of  the  free  gingival  group." 

Urban,  Beisler,  and  Skillen  (1931)  examined  the  effects  of  mechan¬ 
ical  separation  of  teeth  in  dogs.  Dental  separators  in  coimion  use  at 
that  time  were  employed  to  separate  teeth  "slowly  and  gradually,  ten 
minutes  being  allowed  in  each  instance  to  obtain  the  desired  spacing." 
These  separators  were  then  left  in  place  for  thirty  minutes  and  retained 
while  the  animal  was  killed  and  the  tissues  fixed.  Separations  of  0.75 
to  2.0  mm  were  obtained.  Histologic  examination  revealed  tearing  of  the 
periodontal  fibers  on  the  tension  side  of  the  periodontal  ligaments. 

They  speculated  that  this  tearing  of  fibers  indicated  a  "nonelastic 


quality"  and  added  that  after  the  slack  in  the  fibers  is  taken  up,  the 
breaking  point  has  been  approached  and  only  a  small  amount  of  further 
stress  will  cause  tearing.  This  conclusion  that  collagenous  periodontal 
ligament  fibers  are  inelastic  seems  inappropriate.  Substantial  forces 
would  be  necessary  to  achieve  the  separations  involved.  They  should 
have  concluded  only  that  their  force  levels  exceeded  the  elastic  limit 
of  the  ligament  fibers.  Their  observations  were  limited  to  principal 
and  transseptal  fibers,  i.e.  fibers  attatched  to  hard  tissues.  It  would 
be  interesting  to  know  whether  the  supra-alveolar  fibers  which  terminate 
in  soft  tissues  revealed  the  same  degree  of  tearing. 

In  1958,  Fullmer  and  Lillie  discovered  a  previously  unobserved  con¬ 
nective  tissue  fiber  in  the  periodontal  ligament.  These  fibers  were 
sufficiently  different  from  collagen,  elastic,  and  reticular  fibers  for 
recognition  as  a  separate  fiber  type  and  were  named  oxytalan  fibers. 
Fullmer  (1959)  suggested  that  these  fibers  belonged  to  the  same  class  as 
elastic  fibers  and  were  normal  constituents  of  the  periodontal  ligament. 

Rannie  (1963)  investigated  human,  monkey,  and  rat  periodontium  and 
observed  that  oxytalan  fibers  near  the  cemento-enamel  junction  tended  to 
run  parallel  to  the  occlusal  plane  and  in  the  same  direction  as  the  col¬ 
lagen  fibers.  These  fibers  were  woven  between  the  collagen  fibers  and 
he  speculated  that  they  imparted  added  strength  to  the  membrane. 

II.  The  Role  of  Periodontal  Fibers  in  Orthodontic  Relapse 

Skogsborg  (1927)  described  a  technique  he  employed  clinically  to 
aid  retention  of  his  orthodontically  treated  cases.  He  believed  in  ac¬ 
cordance  with  Walkhoff's  "tension-difference  theory"  that  the  forces 
causing  orthodontic  relapse  resulted  from  orthodontically  induced 


differences  of  tissue  tension  in  the  alveolar  process.  He  held  that 
these  tissue  tension  forces  were  stored  in  the  buccal  and  lingual  corti¬ 
cal  plates  of  bone  surrounding  a  tooth  and  were  released  during  the  post- 
orthodontic  period.  He  believed  that  the  technique  of  septotomy  would 
neutralize  these  relapse  forces.  The  procedure  required  making  an  in¬ 
cision  in  the  mucoperiosteal  membranes  between  "regulated"  teeth.  A 
fissure  bur  was  then  used  to  remove  the  interdental  bony  cortex  from  a 
level  just  apical  to  the  alveolar  crest  to  a  level  near  the  tooth's  apex. 
This  procedure  was  performed  on  the  labial  or  lingual,  three  weeks  were 
allowed  for  healing,  then  the  procedure  was  repeated  on  the  opposite 
side  of  the  septum.  He  showed  models  of  cases  in  which  this  procedure 
had  been  performed  to  demonstrate  its  efficacy,  but  did  not  attempt  to 
quantify  the  degree  of  benefit  of  this  procedure.  Several  investigators 
(Brain,  1969;  Collins,  1969)  have  suggested  that  the  benefit  of  septoto¬ 
my  in  diminishing  relapse  was  probably  due  to  severing  of  gingival  fi¬ 
bers  rather  than  in  relieving  tension  differences  in  the  alveolar  pro¬ 
cess. 

Erikson,  Kaplan,  and  Aisenberg  (1945)  investigated  transseptal 
fibers  during  orthodontic  treatment.  Three  maxillary  and  one  mandibular 
first  premolar  were  removed  from  two  human  subjects.  The  canines  and 
second  premolars  adjacent  to  these  extraction  sites  were  banded  and 
these  teeth  were  then  brought  into  contact.  One  subject  was  retained 
for  eleven  months  and  the  other  for  a  period  of  five  months.  These 
teeth  were  then  removed  in  block  sections  and  examined  histologically. 
They  observed  that:  1)  elongated  transseptal  fibers  appear  in  the 
spaces  created  by  tooth  extraction;  2)  when  teeth  opposite  these  spaces 


are  brought  into  approximation,  the  transseptal  fibers  coil  and  become 
compressed.  "It  seems  apparent  that  there  exists  no  physiologic  pro¬ 
cess  which  shortens  or  removes  the  excess  of  these  fibers  after  the 
teeth  are  approximated;"  3)  this  compression  of  coiled  fibers  interden- 
tally  could  explain  the  tendency  for  space  reopening;  and  4)  transsep¬ 
tal  fibers  are  tough  and  can  withstand  some  stretching  as  they  were  ob¬ 
served  to  pull  the  teeth  to  which  they  were  attatched  in  the  direction 
of  the  force.  Although  their  study  was  limited  to  only  two  individuals, 
the  observation  that  transseptal  fibers  could  elongate  under  tension 
implies  that  these  fibers  may  not  be  as  inelastic  as  Urban  (1931)  sug¬ 
gested. 

Reitan  (1959)  rotated  six  upper  second  incisors  in  dogs  using  the 
first  and  third  incisors  as  controls.  The  degree  of  rotation  he  esti¬ 
mated  to  range  from  fifty  to  seventy  degrees.  He  retained  these  teeth 
for  periods  varying  from  15  to  232  days,  then  removed  them  for  histo¬ 
logic  examination.  He  observed  that  although  fibers  in  the  middle  and 
apical  regions  of  the  roots  were  "completely  rearranged"  after  147  days 
of  retention,  the  marginal  region  fibers  after  232  days  of  retention 
were  still  "stretched  in  accordance  with  the  previous  rotation."  Al¬ 
though  his  sample  size  was  very  small,  he  concluded  that  "relapse  of  the 
rotated  tooth  after  retention  seems  to  be  caused  primarily  by  a  con¬ 
traction  of  displaced  gingival  fibers  and  other  supra-alveolar  struc¬ 
tures."  This  conclusion  is  highly  speculative  as  he  did  not  include  in 
his  study  a  group  which  was  allowed  to  relapse  prior  to  histologic  ex¬ 
amination.  It  would  be  interesting  to  know:  1)  would  these  teeth  have 
relapsed  and  to  what  degree,  and  2)  would  this  relapse  coincide  with  a 


change  in  marginal  fiber  orientation? 

Heuttner  (1960)  looked  at  periodontal  fibers  of  rhesus  monkeys 
undergoing  all  types  of  orthodontic  tooth  movement.  From  his  histologic 
examination,  he  concluded  that  "of  all  the  superficial  attatchment  fi¬ 
bers,  the  transseptal  fibers  seemed  to  be  the  most  resistant  to  damage 
caused  by  placement  of  bands  on  teeth.  They  also  regenerated  very  rapid¬ 
ly  over  areas  of  extraction,  tended  to  elongate  easily,  and  did  not 
necrotize  even  under  severly  compressive  forces." 

Haas  (1961)  observed  spontaneous  midline  closure  of  diastemas  re¬ 
sulting  from  palatal  expansion  In  human  subjects.  This  diastema  closure 
took  place  over  a  four  to  six  month  period  after  expansion.  He  suggested 
that  transseptal  fibers  contained  an  "elastic  element"  which  would 
account  for  this  space  closure. 

Edwards  (1968)  rotated  maxillary  second  Incisors  In  six  young  dogs, 
using  the  first  and  third  incisors  as  controls.  Prior  to  rotation,  he 
tattooed  the  labial  gingiva  with  a  vertical  series  of  black  dots.  After 
varying  periods  of  rotation  and  retention,  the  animals  were  killed  and 
histologic  specimens  prepared.  He  observed  that  the  amount  of  deviation 
between  the  tattoo  marks  coincided  consistently  with  the  amount  of  tooth 
rotation,  although  neither  variable  was  quantified.  The  attatched  gin¬ 
giva,  and  to  some  extent  the  mucosa,  followed  In  the  direction  of  the 
rotation.  He  also  noted  that  the  gingiva  surrounding  the  rotated  teeth 
did  not  reorient  Itself,  as  Illustrated  by  the  deviated  tattoo  marks, 
even  after  retention  of  five  months.  He  observed  a  marked  displacement 
and  stretching  of  the  fibrous  structures  in  the  free  gingival  fiber 
groups  with  the  "most  obvious  displacement  of  supracrestal  fibers 
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occurring  on  the  labial  and  lingual  root  surfaces.  The  transseptal 
fibers  of  the  rotated  teeth  also  showed  a  consistent  displacement." 
After  five  months  of  retention,  only  the  supracrestal  and  transseptal 
fibers  were  disoriented  in  direction.  His  specimens  stained  to  reveal 
oxytalan  fibers  produced  some  interesting  findings.  He  saw  few  oxytalan 
fibers  beneath  the  transseptal  region.  "A  particularly  significant  ob¬ 
servation  during  the  investigation  was  the  fact  that  oxytalan  fibers, 
particularly  in  the  supracrestal  areas,  were  definitely  more  numerous 
and  more  clearly  defined  in  the  peri odonti urns  of  rotated  teeth  than  in 
those  of  control  teeth.  The  periods  of  retention  did  not  eliminate  this 
preponderance  of  oxytalan  in  the  gingival  tissues  of  the  rotated  teeth." 
He  speculated  that  these  oxytalan  fibers:  1)  could  have  an  anchoring 
effect  which  would  prevent  overstretching  of  the  tissue,  and  2)  might 
play  a  role  in  the  tendency  for  teeth  to  rerotate  postorthodontical ly. 

Schultz  (1969)  rotated  the  right  and  left  maxillary  second  incisors 
in  six  dogs.  The  teeth  were  passively  retained  for  four  to  eight  weeks. 
After  retention,  one  of  the  two  incisors  of  each  dog  was  designated  as 
the  experimental  tooth,  the  other  serving  as  a  control.  Schultz  then 
reduced  the  crowns  of  the  control  teeth  to  the  level  of  the  gingiva  to 
remove  occlusal  and  muscular  forces  from  these  teeth.  The  experimental 
teeth  were  reduced  to  the  level  of  the  alveolar  bone  to  remove  gingival 
and  transseptal  periodontal  fiber  influences.  Pulp  caps  were  placed  in 
these  teeth  as  well  as  registration  wires  to  study  rotational  relapse. 
Using  serial  radiographs,  he  found  that  the  mean  relapse  tendency  of  the 
experimental  teeth  was  only  12.4  percent  of  their  original  rotation 
while  the  mean  relapse  of  the  control  teeth  was  34.6  percent.  Although 


the  sample  was  small,  he  believed  that  "the  gingival  and  transseptal 
fibers  of  the  periodontal  ligament  were  responsible  for  at  least  50  per¬ 
cent  of  the  relapse  of  orthodontically  rotated  teeth."  Schultz's  meth¬ 
odology  was  excellent  in  that  he  eliminated  occlusal  and  muscular  forces 
as  potential  relapse  factors.  Relapse  observed  could  only  have  resulted 
from  forces  within  each  tooth's  supporting  structures.  Reitan  (1959) 
suggested  that  a  retention  period  of  approximately  five  months  is  nec¬ 
essary  for  complete  rearrangement  of  principal  fibers.  Had  Schultz 
retained  his  teeth  longer,  perhaps  one  might  see  a  decrease  in  percent 
relapse  for  both  experimental  and  control  teeth. 

Boese  (1969)  rotated  eight  lateral  Incisors  and  eight  second  pre¬ 
molars  in  two  pigtailed  monkeys.  At  the  beginning  of  retention,  half  of 
these  teeth  were  gingivectomized  while  the  other  half  served  as  controls. 
These  teeth  were  then  retained  for  4,  8,  and  9  weeks;  the  postretention 
periods  Involved  were  4  and  8  weeks.  Occlusal  radiographs  were  used  to 
calculate  rotation.  He  Identified  two  phases  of  orthodontic  relapse: 

1)  during  the  first  four  weeks  after  rotation,  he  believed  that  a  sub¬ 
stantial  proportion  of  observed  relapse  was  due  to  relaxation  of  strethed 
principal  fibers,  and  2)  after  the  first  eight  weeks,  he  felt  that  re¬ 
lapse  was  caused  by  the  supra-alveolar  fibers.  He  observed,  as  Edwards 
had,  that  oxytalan  fibers  increased  in  areas  of  orthodontic  tooth  rota¬ 
tion  and  believed  that  "overrotation  and  prolonged  retention  would  be 
Ineffective  for  preventing  rotational  relapse."  Relapse  in  Boese’s 
gingivectomized  group  was  completed  within  four  weeks  postretention. 

Crum  and  Andreasen  (1974),  however,  found  rotational  relapse  in  several 
fiberotomized  individuals  continuing  between  4  and  8  weeks  postretention. 


This  may  suggest  that  principal  fibers  influence  relapse  for  a  longer 
period  of  time  postretention  than  has  been  suggested  by  Boese. 

Allen  (1969)  investigated  regression  of  rotated  teeth  in  a  human 
sample.  His  sample  included  seventeen  patients  averaging  14.6  years  in 
age.  Each  patient  had  one  pair  of  bilaterally  rotated  teeth.  The  teeth 
were  rotated  orthodontically  into  proper  alignment.  Gingivectomies  were 
performed  around  the  experimental  teeth  and  the  control  and  experimental 
teeth  were  retained  from  periods  of  2  to  14  months,  with  a  mean  of  9 
months.  The  teeth  were  then  analyzed  for  rotational  relapse  up  to  three 
months  postretention  from  Xerox  copies  of  casts  made  at  six  different 
time  periods.  After  three  months  of  postretention  observation,  Allen 
found  that  the  surgical  group  demonstrated  a  mean  relapse  of  13.4  percent 
while  the  control  group  mean  relapse  was  31.5  percent.  He  concluded 
that  the  supra-alveolar  fibers  contributed  to  regression  of  orthodon¬ 
tically  rotated  teeth  and  that  gingivectomy  was  beneficial  in  reducing 
the  effects  of  these  fibers.  He  realized  the  weakness  in  his  study  was 
that  some  teeth  were  retained  for  only  two  months  and  that  perhaps  the 
principal  fibers  of  these  teeth  had  not  yet  reorganized  at  the  time  of 
retention  release.  As  his  sample  size  was  small,  the  difference  in 
percent  relapse  between  groups  was  not  significant  at  a  probability  of 
five  percent.  Contrary  to  the  observations  of  Edwards  and  Boese,  Allen 
did  not  witness  an  increase  in  oxytalan  fibers  in  the  supra-alveolar 
tissues. 

Collins  (1969)  investigated  the  effect  of  the  gingival  fibers  on 
teeth  that  were  tipped  and  on  teeth  that  were  orthodontically  spaced. 

In  two  Hacaca  mulatta  monkeys,  he  tipped  one  mandibular  central  incisor 
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and  the  contralateral  lateral  incisor  labially  while  tipping  the  other 
two  incisors  lingually.  In  the  maxillary  arches  of  these  monkeys,  the 
central  incisors  were  orthodontically  separated  approximately  five 
millimeters.  One  animal  was  designated  the  test  animal  and  received 
gingivectomies  around  the  anterior  teeth  in  both  arches.  The  other 
served  as  a  control.  Both  animals  were  then  retained  for  six  weeks, 
after  which  appliances  were  removed  and  relapse  recorded.  After  three 
weeks  of  observation,  the  mandibular  incisors  of  the  control  animal  had 
relapsed  78  percent  while  the  experimental  animal  had  relapsed  52  per¬ 
cent.  The  observation  of  the  orthodontically  induced  maxillary  diastemas 
revealed  a  control  relapse  of  78  percent  compared  to  a  relapse  of  61 
percent  for  the  experimental  animal.  Although  samples  were  so  small 
that  the  results  were  not  statistically  significant,  Collins  concluded 
that  surgical  removal  of  displaced  gingival  tissues  decreased  the  rate 
of  relapse  of  tipped  or  separated  incisors  but  did  not  prevent  relapse. 

He  erred  in  not  retaining  the  teeth  longer  and  also  in  not  observing  the 
teeth  longer  postorthodontically. 

Brain  (1969)  analyzed  rotational  relapse  in  five  mongrel  dogs.  The 
maxillary  second  incisors  were  rotated  orthodontically.  The  right 
second  incisors  were  surgerized  on  their  labial  and  lingual  surfaces  in 
an  attempt  to  transsect  the  free  gingival  fibers,  the  left  second  inci¬ 
sors  were  not  surgerized  and  served  as  controls.  The  teeth  were  then 
retained  for  148  to  150  days  and  released.  At  the  conclusion  of  a  six 
week  observation  period,  the  extent  of  regression  in  the  control  group 
ranged  from  8.8  to  40  percent  with  a  mean  of  26.7  percent.  The  regres¬ 
sion  of  the  surgerized  group  ranged  from  0  to  5.3  percent  with  a  mean 


of  1.1  percent.  He  found  a  very  promising  regression  ratio  of  24  to  1. 

He  concluded  that  "the  results  of  this  investigation  confirm  the  find¬ 
ings  of  previous  researchers  who  have  reported  less  regression  of  ortho- 
dontically  rotated  incisors  subsequent  to  interruption  of  the  free 
gingival  fibers."  It  is  difficult  to  comprehend  how  Brain  could  have 
achieved  such  remarkable  stability  in  his  experimental  group.  He  did 
use  a  retention  period  which,  according  to  Reitan,  was  adequate  to  allow 
principal  fiber  reorganization.  This  might  account  for  some  of  the 
stability,  but  it  would  seem  that  labial  and  lingual  incisions  would  not 
adequately  inactivate  the  supra-alveolar  fibers  which  completely  encircle 
teeth. 

Edwards  (1970)  orthodontically  rotated  sixteen  malrotated  teeth  in 
clinical  patients,  the  extent  of  malrotation  varying  from  20  to  90 
degrees.  Prior  to  rotating  these  teeth,  a  vertical  series  of  dots  was 
tattooed  on  the  buccal  or  labial  attatched  gingiva  with  India  ink.  He 
observed  that  in  every  instance,  the  amount  of  deviation  from  the  orig¬ 
inal  vertical  orientation  of  the  marks  coincided  with  the  amount  of 
rotational  movement  of  the  tooth.  After  all  teeth  were  experimentally 
rotated,  they  were  retained  for  two  months,  and  half  of  the  teeth  were 
removed  from  the  archwires.  All  eight  of  these  teeth  relapsed  to  some 
degree  with  the  tattoo  lines  reverting  toward  their  original  vertical 
orientation.  These  eight  teeth  were  then  rerotated.  Eight  weeks  of 
retention  followed  and  then  fiberotomies  were  performed  on  all  16  teeth. 
After  the  fiberotomies  had  been  performed,  the  tattoo  marks  returned  to 
a  vertical  orientation  after  20  to  40  hours  on  fifteen  of  the  teeth. 

The  one  tooth  which  did  not  show  this  realignment  of  tattoos  was 
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resurgerized  with  special  emphasis  placed  on  deepening  the  incision  be¬ 
low  the  marginal  crest.  Within  28  hours  after  the  second  surgery,  the 
tattoo  marks  of  this  tooth  were  again  vertically  oriented.  He  observed 
all  teeth  for  three  months  and  noted  "negligible  rotational  relapse 
occurred,  even  in  the  case  of  teeth  that  were  earlier  observed  to  have 
relapsed."  Unfortunately,  Edwards  did  not  quantify  the  degree  of  ro¬ 
tation  and  relapse.  It  would  have  been  beneficial  to  know  to  what  extent 
a  given  tooth  relapsed  prior  to  and  subsequent  to  fiberotomy. 

Parker  (1972)  extracted  mandibular  first  molars  bilaterally  in 
seven  female  monkeys.  The  second  bicuspids  were  partially  retracted 
bilaterally  into  the  edentulous  space.  Gingivectomies  were  then  per¬ 
formed  unilaterally  on  each  monkey  extending  from  the  buccal  grooves  of 
the  second  molar  to  the  center  of  the  first  premolar.  All  teeth  were 
then  retained  for  thirty  days  and  then  the  appliances  were  removed.  One 
animal  was  sacrificed  at  the  time  of  appliance  removal,  others  at  12 
hours,  24  hours,  2,  4,  30,  and  60  days.  He  observed  that  the  control 
sides  showed  relapse  of  the  second  premolars  mesially  in  all  animals; 
whereas,  the  surgical  sides  showed  marked  stability.  He  also  found  that 
the  greatest  relapse  occurred  in  the  first  24  hours.  He  concluded  that 
supragingival  fibers,  especially  transseptal  fibers,  were  the  cause  of 
the  observed  relapse.  This  conclusion,  although  possibly  accurate,  is 
speculative  as  gingivectomy  removes  the  influence  of  all  gingival  com¬ 
ponents.  Other  forces  within  the  tissues,  e.g.  hydrostatic  pressure, 
may  have  accounted  for  some  of  the  relapse  in  the  non-gingivectomized 
group. 

Pinson  and  Strahan  (1973)  compared  relapse  of  21  rotated  anterior 


teeth  that  had  received  pericision  (fiberotomy)  postorthodontically  with 
10  rotated  anterior  teeth  that  did  not  receive  pericision  postorthodon- 
tically.  After  a  minimum  of  one  year  postretention,  they  found  that  the 
surgerized  teeth  relapsed  on  average  25.5  percent  of  their  original  ro¬ 
tation  while  the  non-surgerized  teeth  relapsed  a  mean  of  56.6  percent. 
They  noted  that  the  degree  and  percentage  of  relapse  of  the  surgerized 
teeth  was  markedly  reduced  if  the  teeth  were  retained  for  more  than 
16  weeks.  Although  the  experimental  and  control  groups  were  small  and 
the  results  were  not  tested  for  significance,  this  was  the  first  study 
which  assessed  rotational  relapse  beyond  three  months  postretention. 

In  a  study  by  Crum  (1974),  five  subjects  were  investigated  averaging 
16.4  years  in  age.  Each  had  bilaterally  rotated  anterior  teeth,  three 
on  each  side  of  the  midline.  The  rotations  were  corrected  orthodontic- 
ally  and  all  teeth  were  retained  for  eight  weeks.  Teeth  on  one  side  of 
the  midline  of  each  patient  then  received  a  fiberotomy  while  those  on 
the  other  side  of  the  midline  served  as  controls.  The  teeth  were  then 
released  from  retention  and  observed  for  up  to  eight  weeks.  Crum  found 
a  mean  relapse  of  rotation  in  the  experimental  group  of  1.45  degrees 
(10.8%)  with  five  of  the  fifteen  teeth  rotating  away  from  the  pretreat¬ 
ment  tooth  position.  Rotational  relapse  of  the  control  teeth  showed  a 
mean  of  10.5  degrees  (48.4%).  He  concluded  that  the  circumferential 
gingival  fiber  cut  combined  with  an  adequate  period  of  retention  is  a 
successful  approach  to  reduce  postretention  tooth  rotation.  The  majority 
of  teeth  investigated  by  Crum  revealed  rotational  changes  during  the 
interval  from  4  to  8  weeks  postretention.  It  would  seem  erroneous  to 
assume  that  no  further  relapse  would  have  occurred  had  obser-at.'ns 


been  continued  beyond  8  weeks  postretention. 

Walsh  (1975)  subjected  23  teer.aged  patients  (31  teeth)  to  peri- 
cision.  The  only  criterion  for  selection  was  that  they  required  cor¬ 
rection  of  rotation  of  a  maxillary  anterior  tooth  during  the  course  of 
their  orthodontic  treatment.  He  noted  that  the  effectiveness  of  the 
surgical  transsection  improved  with  increasing  lengths  of  retention. 

Two  cases  that  had  no  retention  relapsed  an  average  of  75  percent. 

Those  teeth  retained  from  two  to  twelve  weeks  showed  a  mean  relapse 
of  only  27  percent.  Those  teeth  retained  from  thirteen  to  twenty  weeks 
showed  a  mean  relapse  of  only  9  percent.  The  number  of  teeth  in  each 
group  was  small,  but  Walsh  felt  that  corrected  rotations  should  be  re¬ 
tained  for  at  least  twelve  weeks. 

Boest  (1980)  found  that  by  combining  fiberotomy  with  posttreatment 
reproximation,  he  could  effectively  achieve  long  term  (4  to  9  years  post¬ 
treatment)  reduction  of  mandibular  anterior  irregularity.  In  forty 
patients  with  crowded  mandibular  arches  who  were  treated  orthodontically, 
he  noted  a  significant  mean  decrease  in  irregularity  posttreatment. 

None  of  these  patients  had  mandibular  arch  retention.  Although  Boese 
addressed  the  long  term  problem  of  relapse  as  it  relates  to  fiberotomy, 
it  would  be  impossible  to  separate  the  effect  of  fiberotomy  from  that 
of  reproximation  in  his  sample. 

A  few  studies  have  concluded  that  displaced  gingival  fibers  do  not 
influence  dental  relapse.  Brauer  (1963)  and  Tsopel  (1967)  could  not 
recommend  surgical  resection  of  fibers  based  on  their  tooth  rotation 
studies.  In  both  studies,  however,  the  sample  sizes  were  small  and  the 
teeth  were  not  retained  postrotation.  Their  results  might  be  a 
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reflection  of  the  importance  of  retention  in  allowing  principal  fibers 
to  reorganize. 

Although  the  literature  abounds  with  studies  pertaining  to  the 
relationship  between  periodontal  fibers  and  rotational  relapse,  none  of 
the  studies  conducted  have  analyzed  this  relationship  long  term.  This 
study  will  attempt  to  assess  whether  the  clinical  application  of  the 
fiberotomy  technique  will  enhance  rotational  stability  long  term. 


MATERIALS  AND  METHODS 

The  materials  used  in  this  study  consisted  of  pretreatment  (Tj), 
posttreatment  (T2),  and  postretention  (T3)  plaster  casts  obtained  from 
patients  who  had  been  treated  either  in  the  UW  Orthodontic  Clinic  or  in 
the  private  practice  of  Dr.  Richard  Riedel.  Individuals  were  selected 
to  participate  in  this  study  using  the  following  criteria: 

1)  Pretreatment,  posttreatment,  and  greater  than  two  years  post¬ 
retention  casts  must  have  been  available  for  both  experimental 
and  control  group  participants. 

2)  Participants  included  in  the  experimental  group  must  have  had  a 
documented  fiberotomy  performed  on  one  or  more  anterior  teeth 
either  shortly  before  or  after  the  completion  of  active  ortho¬ 
dontic  treatment.  Documentation  was  established  by:  a)  actual 
charting  of  the  procedure  as  well  as  teeth  involved,  and  b)  re¬ 
collection  of  the  fiberotomy  procedure  by  the  participant. 

3)  Participants  included  in  the  control  group  must  not  have  under¬ 
gone  a  fiberotomy  or  gingivectomy  procedure  either  during  or 
after  treatment  involving  any  of  the  teeth  included  in  the 
study. 

4)  Control  and  experimental  group  participants  must  have  worn  re¬ 
tainers  postorthodontically  for  a  minimum  of  six  months. 

5)  Control  and  experimental  group  participants  must  have  been  more 
than  two  years  postretention  with  a  similar  mean  period  of  time 
postretention.  The  experimental  group  was  collected  initially 
and  was  found  to  range  from  2.58  to  9.17  years  postretention. 

In  selecting  the  control  group,  efforts  were  made  to  include 


only  those  individuals  who  fell  near  or  within  this  range. 

6)  The  teeth  under  study,  experimental  and  control,  must  have 

undergone  a  treatment  rotation  of  ten  degrees  or  more  as  deter¬ 
mined  by  a  preliminary  measurement  using  an  Unitek  Baum  Cephalo¬ 
metric  Protractor. 

All  patients  involved  in  this  study  were  treated  with  conventional 
edgewise  mechanics.  Only  mandibular  and  maxillary  incisors  and  canines 
were  evaluated  in  the  study.  An  experimental  group  was  obtained  which 
consisted  of  73  teeth  (22  patients)  while  91  teeth  (26  patients)  com¬ 
prised  the  control  group,  (table  1). 


I  1 

3 

T 

2 

3 

Total 

Experimental 

18  20 

10 

10 

6 

9 

73 

Control 

21  24 

11 

8 

14 

13 

91 

Table  1:  Frequency  Distribution  of 

Experimental  and  Control  Teeth 
by  Tooth  Category 

In  order  to  compare  the  stability  of  fiberotomized  vs.  non- 
fiberotomized  teeth,  it  was  necessary  to  quantify  the  amount  of  treat¬ 
ment  rotation  and  posttreatment  rotation  of  each  tooth.  As  this  is  dif¬ 
ficult  to  assess  on  plaster  casts,  photocopies  of  each  Tj,  T^,  and  T3 
cast  were  made  using  a  technique  developed  by  Singh  and  Savara  (1964). 
They  reported  that  duplicated  graph  paper  showed  no  enlargement  in  the 
middle  ten  square  centimeters  of  a  Xerox  copier.  A  template  was,  there¬ 
fore,  fabricated  which  allowed  accurate  centering  and  consistent  posi¬ 
tioning  of  all  models  placed  on  the  copier  (Xerox  4000). 
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Prior  to  photocopying,  the  casts  were  marked  with  a  black  fine- 
tipped  marker.  Each  cast  in  a  series  was  marked  sequentially  to  allow 
greater  accuracy  in  the  placement  of  points.  Two  points  were  placed  on 
the  incisal  edge  of  each  tooth  under  investigation:  one  point  approx¬ 
imately  one  millimeter  mesial  to  the  distoincisal  angle  and  one  point 
approximately  one  millimeter  distal  to  the  mesioincisal  angle.  When 
photocopied,  these  tooth  points  would  allow  a  measurement  of  the  rota¬ 
tional  position  of  the  tooth  involved  relative  to  a  fixed  (midline) 
reference  line.  This  fixed  reference  line  was  constructed  in  the  max¬ 
illary  arch  by  placing  two  points  on  the  median  raphae:  one  just  distal 
to  the  incisive  papilla  and  another  a  given  distance  distal  to  this  first 
marking.  At  this  point  the  maxillary  and  mandibular  casts  were  photo¬ 
copied  and  the  images  revealed  the  markings  previously  made. 

As  the  mandibular  cast  has  no  equivalent  to  the  maxilla's  raphae, 
it  was  necessary  to  transfer  the  maxillary  reference  line  to  the  mandib¬ 
ular  photocopy.  This  was  accomplished  by  inverting  and  superimposing 
the  mandibular  photocopy  onto  the  maxillary  photocopy  on  a  viewbox.  When 
the  posterior  bases  of  the  models'  images  were  made  to  coincide,  the 
maxillary  midline  points  could  be  transferred  to  the  mandibular  photo¬ 
copy.  This  midline  transfer  is  not  entirely  accurate  as  a  lateral  shift 
of  the  mandible  could  cause  a  change  in  placement  of  this  mandibular 
reference  line  over  time;  however,  it  was  deemed  sufficiently  accurate 
for  this  study. 

Angles  were  constructed  by  connecting  the  reference  line  points 
and  tooth  points  using  a  0.3  mm  2H  tracing  pencil.  A  protractor  cal¬ 
ibrated  in  0.5  degree  increments  was  used  to  determine  angular  measure- 
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merits  of  individual  teeth  relative  to  their  respective  reference  lines. 
The  photocopies  were  randomized  prior  to  measuring  to  elliminate  bias 
and  each  tooth  was  measured  at  three  different  time  periods:  Tj,  T^, 
and  T^.  Each  measurement  was  made  on  two  occasions  and  these  values  were 
averaged  to  minimize  measurement  error.  Variables  involved  in  this 
study  included: 

Vj  -  rotational  change  occurring  during  treatment  measured  in  de¬ 
grees.  This  value  was  always  positive  and  represented  a  change 
toward  good  arch  alignment,  (figure  1). 

Vg  -  rotational  change  occurring  during  the  posttreatment  to  post¬ 
retention  interval.  This  measurement  was  negative  if  the  tooth 
under  investigation  rotated  back  toward  its  original  position 
or  positive  if  it  rotated  away  from  its  original  position, 
(figure  1). 

V3  -  stability  of  treatment  rotation.  This  value  measured  the  per¬ 
centage  of  treatment  rotation  maintained  at  the  postretention 
period.  This  value  was  positive  unless  the  tooth  in  question 
relapsed  more  than  100  percent,  (figure  1). 

The  reliability  of  the  technique  was  tested  as  follows: 

1)  Two  sets  of  casts  were  duplicated  yielding  49  identical  tooth 
pairs.  One  tooth  from  each  identical  pair  was  placed  in  the 
Mj  (measure  1)  group  while  the  second  tooth  was  placed  in  the 
M2  group. 

2)  Each  tooth  pair  was  marked  with  two  points.  Incisors  and  ca¬ 
nines  were  marked  in  the  fashion  previously  described.  Pre- 
molars  and  molars  were  marked  on  cusp  tips.  Each  tooth  pair 


was  marked  sequentially  with  emphasis  placed  on  locating  the 
markings  similarly  on  each  tooth  in  an  identical  pair. 

3)  Casts  were  photocopied.  These  photocopies  were  then  randomized 
and  angular  tooth  measurements  were  made. 

A  close  association,  as  determined  by  Pearson  product  moment  correla¬ 
tion,  was  found  to  exist  between  angular  measurements  made  on  identical 
tooth  pairs,  (r  *  .99,  p  <  .01).  A  mean  absolute  difference  of  2.4 
degrees  was  found  to  exist  between  and  M2  measurements.  This  in¬ 
dicates  that  the  average  error  inherent  in  the  entire  technique,  i.e. 
point  placement,  photocopying,  marking,  and  measuring,  was  only  +  2.4 
degrees . 

To  determine  the  significance  of  the  difference  between  control  and 
experimental  tooth  groups,  t  tests  were  utilized.  Correlational  and 
analysis  of  variance  statistical  tests  were  employed  to  determine 
whether  the  variables  of  Tj  age,  T2  age,  T3  age,  treatment  length,  re¬ 
tention  length,  time  postretention,  time  posttreatment,  or  type  of  treat 
ment  could  account  for  any  observed  difference  in  stability. 


PRETREATMENT 


POSTTREATMENT 


V1  *  K(Angle  2  -  Angle  1) 

if  Angle  1  >  Angle  2,  K  = 
If  Angle  1<  Angle  2,  K  = 


POSTRETENTION 


=  K(Angle  3  -  Angle  2) 
V,  =  100(V1  +  v2) 


Figure  1:  Method  for  determining  treatment  rotation, 
relapse  of  rotation,  and  stability 


FINDINGS 

Measurements  made  from  photocopies  of  dental  casts  provided  data 
which  was  pooled  for  comparison  between  experimental  and  control  groups. 
These  pooled  data  groups  were  then  divided  into  three  subgroups--max- 
111  ary  incisors,  mandibular  incisors,  and  canines— for  further  analysis, 
(tables  2-7,  figures  2-10). 

I.  Pooled  Data 

The  experimental,  flberotomized  sample  revealed  a  treatment  rotation 
ranging  from  8.2  to  53,4  degrees  with  a  mean  of  19.5  degrees.  The  range 
of  treatment  rotation  for  the  control,  non-fiberotomized  group  was  8.4 
to  43.6  degrees  with  a  mean  of  17.6  degrees.  Mean  treatment  rotation 
was  found  not  to  be  significantly  different  between  groups,  (p  >  .05). 

Relapse  of  rotation  for  the  experimental  group  ranged  from  -18.3  to 
9.1  degrees  with  a  mean  relapse  of  -4.6  degrees.  Fifty-nine  experiment¬ 
al  teeth  (81*)  relapsed  back  toward  their  pretreatment  positions.  Four¬ 
teen  experimental  group  teeth  (19*)  rotated  away  from  their  original 
positions.  The  control  sample  revealed  a  mean  relapse  of  -7.1  degrees, 
ranging  from  -19.9  to  5.7  degrees.  Eighty-one  control  group  teeth  (d>9%) 
relapsed  toward  their  pretreatment  positions  while  10  control  teeth 
(11*)  relapsed  away  from  their  original  positions.  Mean  relapse  of  ro¬ 
tation  was  significantly  different  between  the  control  and  experimental 
groups,  (p  £  .01). 

The  stability  of  the  experimental  group,  i.e.  the  percentage  of 
treatment  rotation  maintained  at  the  postretention  period,  ranged  from 
-20.4  to  169.7  percent  with  a  mean  of  77.2  percent.  The  control  group 
stability  ranged  from  -77.1  to  163.8  percent  with  a  mean  stability  of 
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61.0  percent.  Stated  conversely,  the  mean  relapse  percentage  for  the 
experimental  group  was  22.8  percent  compared  to  39.0  percent  for  the 
control  group.  The  regression  ratio  expressed  in  terms  of  mean  relapse 
percentage  of  the  control  group  vs.  the  experimental  group  was  found  to 
be  1.7  to  1.  Stability  was  found  to  be  significantly  different  between 
groups,  (p  <  .01 ) . 

As  the  fiberotomized  group  was  found  to  be  significantly  more  stable 
than  the  control  group,  it  became  necessary  to  determine  whether  any 
intergroup  differences,  aside  from  fiberotomy,  could  account  for  this 
difference  in  stability.  T  tests  revealed  that  the  variables  of  post¬ 
treatment  age  and  length  of  retention  were  not  significantly  different 
between  groups  and  hence  probably  did  not  influence  the  observed  stabil¬ 
ity  difference.  The  variables  which  were  found  to  be  significantly 
different  between  groups  included:  pretreatment  age,  postretention  age, 
treatment  length,  time  posttreatment,  and  time  postretention.  Analysis 
of  covariance  was  used  to  determine  if  the  difference  in  stability 
between  experimental  and  control  teeth  was  still  present  after  adjusting 
for  these  intergroup  differences.  The  analysis  of  covariance  indicated 
that  the  difference  in  stability  was  still  statistically  significant, 

(p  <  .01). 

Pearson  product  moment  correlations  between  stability  and  the 
variables  of  T^  age,  T^  age,  T^  age,  treatment  length,  retention  length, 
time  posttreatment,  and  degrees  of  treatment  rotation  were  made  inde¬ 
pendently  for  the  control  and  experimental  groups.  None  of  these  vari¬ 
ables  revealed  a  clinically  usable  correlation  with  stability.  Treat¬ 
ment  length  did,  however,  reveal  a  very  weak  association  with  stability 


for  the  experimental  group,  (r  =  .36,  p  c  .01).  This  weak  association 
was  not  evident  for  the  control  group,  (r  =  .07,  p  >.05). 

Information  gleaned  from  analysis  of  variance  tests  revealed  that: 

1)  there  was  no  difference  in  stability  between  arches;  2)  there  exist¬ 
ed  no  difference  in  stability  between  tooth  categories;  and  3)  there 
was  a  significant  difference  in  stability  between  types  of  treatment, 
i.e.  nonextraction  treatment,  extraction  of  first  premolars,  or  extrac¬ 
tion  of  second  premolars;  however,  this  difference  between  types  of 
treatment  could  not  explain  the  observed  difference  in  stability  between 
the  experimental  and  control  groups.  Mean  stability  was  greatest  for 
the  first  premolar  extraction  group  and  least  for  the  second  premolar 
extraction  group.  This  relationship  was  found  to  exist  for  both  the 
experimental  and  control  groups  but  must  be  viewed  with  some  skepticism 
as  both  the  second  premolar  extraction  group  and  the  nonextraction  group 
had  small  sample  sizes. 

II.  Maxillary  Incisors 

The  experimental  group  underwent  a  mean  treatment  rotation  of  19.3 
degrees  with  a  range  from  8.2  to  46.7  degrees.  The  control  group  re¬ 
vealed  a  mean  treatment  rotation  of  17.8  degrees  ranging  from  8.4  to  32.9 
degrees.  The  difference  in  treatment  rotation  between  groups  was  not 
statistically  significant,  (p  >.05). 

A  mean  relapse  of  rotation  of  -3.5  degrees  was  found  for  the  fiber- 
otomized  group  ranging  from  -18.3  to  9.1  degrees.  The  control  group 
showed  a  mean  relapse  of  -7.3  degrees  with  a  range  from  -17.2  to  4.0 
degrees. 

The  experimental  sample  displayed  a  mean  stability  of  83.1  percent 


with  a  range  from  16.7  to  169.7  percent.  The  control  sample  stability 
ranged  from  -3.6  to  140.2  percent  with  a  mean  of  61.9  percent.  Although 
a  t  test  revealed  a  statistically  significant  difference  between  groups, 
(p  <  .01),  when  analysis  of  covariance  was  used  taking  the  intergroup 
difference  in  treatment  length  into  account,  stability  was  found  not  to 
be  significantly  different,  (p  v-  .05). 

III.  Mandibular  Incisors 

The  mandibular  incisor  experimental  group  underwent  a  mean  treat¬ 
ment  rotation  of  20.4  degrees  ranging  from  10.8  to  53.4  degrees.  Treat¬ 
ment  rotation  for  the  control  group  ranged  from  8.9  to  43.6  degrees  with 
a  mean  of  18.0  degrees.  Mean  treatment  rotation  was  not  significantly 
different  between  groups,  (p  •  .05). 

A  mean  relapse  of  rotation  of  -6.3  degrees  was  observed  for  the 
experimental  group  which  ranged  from  -15.5  to  4.7  degrees.  The  control 
group  mean  relapse  of  rotation  was  -6.9  degrees  and  ranged  from  -19.8  to 
5.7  degrees.  Mean  relapse  of  rotation  was  not  significantly  different 
between  groups,  (p  .05). 

The  mean  stability  of  the  experimental  group  was  68.5  percent 
ranging  from  16.9  to  128.0  percent.  The  control  group  displayed  a  mean 
stability  of  58.0  percent  with  a  range  from  -77.1  to  163.8  percent.  The 
intergroup  difference  in  mean  stability  was  not  statistically  signifi¬ 
cant,  (p  .05). 

IV.  Canines 

The  experimental  group  revealed  a  mean  treatment  rotation  of  19.3 
degrees  with  a  range  from  9.0  to  47.6  degrees.  The  control  group  had  a 
treatment  rotation  mean  of  16.9  degrees  and  ranged  from  8.7  to  32.3 


29 


degrees.  Treatment  rotation  was  not  significantly  different  between 
groups,  (p  > .05) . 

Relapse  of  rotation  for  the  experimental  group  displayed  a  mean  of 
-5.4  degrees  ranging  from  -16.6  to  3.2  degrees.  The  control  group  re¬ 
lapse  of  rotation  ranged  from  -19.9  to  3.9  degrees  with  a  mean  of  -6.9 
degrees.  There  was  not  a  statistically  significant  difference  in  means 
for  relapse  of  rotation,  (p  >.05). 

The  experimental  group  mean  stability  was  72.7  percent  and  ranged 
from  -20.4  to  127.3  percent.  The  control  group  stability  ranged  from 
10.0  to  126.3  percent  with  a  mean  stability  of  62.0  percent.  The  mean 
stability  was  not  significantly  different  between  groups,  (p  .05). 
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Very  Stable9  <  30X  relapse 
Moderately  Stable9  >  30X  but  <  60S  relapse 
Unstable9  ^  60X  relapse 
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Very  Stable-  —  30Z  relapse 
Moderately  Stable-  ->  30Z  but  -  60Z  relapse 
Unstable-  ^bOZ  relapse 


Very  Stable-  S.  301  relapse 
Moderately  Stable-  >  30Z  but  -  60Z  relapse 
Unstable-  >  60Z  relapse 
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DISCUSSION 


Prior  to  evaluation  of  the  data,  it  is  necessary  to  examine  certain 
weaknesses  inherent  in  this  study.  It  must  be  realized  that  this  is  a 
retrospective  study  and  that  this  examiner  had  no  participation  in  either 
the  treatment  or  retention  of  any  individuals  involved.  Factors  which 
were  found  to  differ  between  groups,  i.e.  age,  age,  treatment 
length,  time  posttreatment,  time  postretention  were  analyzed  to  assess 
their  influence  on  the  data.  Other  uncontrolled  factors,  however,  could 
not  be  evaluated  and  may  have  influenced  the  results.  These  factors 
included: 

1)  Similar  retaining  devices  were  not  used  in  all  cases  and  pa¬ 
tient  cooperation  during  retention  was  unknown. 

2)  The  majority  of  experimental  group  participants  received  cir¬ 
cumferential  supracrestal  fiberotomies;  however,  in  some  in¬ 
stances  it  was  unclear  what  type  of  fiberotomy  had  been  per¬ 
formed  and  may  have  involved  only  interproximal  slicing. 

3)  The  level  of  participant  oral  hygiene  is  unknown. 

As  this  study  found  no  significant  differences  in  stability  between 
tooth  categories  or  arches,  the  data  will  be  evaluated  only  as  it  re¬ 
lates  to  the  total  experimental  and  total  control  groups. 

This  study  was  conducted  to  ascertain  whether  fiberotomy  was  a 
valid  technique  in  minimizing  long  term  rotational  relapse.  For  the 
purpose  of  this  study,  long  term  was  defined  as  greater  than  two  years 
postretention.  The  mean  length  of  time  postretention  for  the  experi¬ 
mental  group  was  5.37  years  ranging  from  2.58  to  9.00  years.  The 
control  group  ranged  from  2.50  to  9.17  years  postretention  with  a  mean 
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length  of  time  postretention  of  6.34  years. 

The  evidence  obtained  would  indicate  that  fiberotomy  is  beneficial 
in  reducing  long  term  rotational  relapse.  The  mean  stability  for  the 
fiberotomized  group  was  found  to  be  77.2  percent  while  the  non-fiber- 
otomized  group  revealed  a  mean  stability  of  only  61.0  percent.  When 
this  stability  difference  was  subjected  to  analysis  of  covariance,  the 
probability  that  this  intergroup  difference  could  have  resulted  from 
chance  was  less  than  one  percent.  Expressed  in  different  terms,  the 
surgerized  group  relapsed  on  average  22.8  percent  compared  to  39.0  per¬ 
cent  for  the  non-surgerized  group.  This  represents  a  regression  ratio 
of  control  group  relapse  to  experimental  group  relapse  of  1.7  to  1. 

This  study  supports  the  hypothesis  that  forces  are  generated  in  the 
gingival  fiber  apparatus  as  a  tooth  is  rotated  and  that  these  forces  are 
manifested  as  rotational  relapse  when  the  tooth  is  released  from  reten¬ 
tion.  These  rotational  relapse  forces  are  apparently  reduced  when  the 
gingival  fibers  are  severed.  These  forces  are  seemingly  elastic  in  na¬ 
ture  and  probably  result  from  stretching  of  the  network  of  interwoven 
collagen  and  oxytalan  fibers.  Some  investigators  (Urban,  1931;  Harkness, 
1968)  have  suggested  that  collagen  is  an  "inelastic  tissue."  However, 
collagenous  gingival  fibers  are  "wavy"  in  appearance  (Thompson,  1959) 
and  highly  entwined  with  oxytalan  fibers  which  have  been  found  to  be 
elastic  (Fullmer  and  Lillie,  1958).  Edwards  (1968)  and  Boese  (1969) 
found  that  oxytalan  fibers  increased  in  the  gingival  tissues  of  teeth 
subjected  to  rotation  and  suggested  that  they  played  an  "anchoring" 

role  preventing  overstretching  of  gingival  tissues.  Although  the  data 
presented  by  these  studies  is  inconclusive,  it  is  not  difficult  to 
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perceive  that  these  oxytalan  fibers  could  provide  some  part  of  the 
elastic  force  necessary  for  rotational  relapse. 

Reitan  (1959)  observed  that  gingival  fiber  bundles  remained 
"stretched"  after  232  days  of  retention.  Edwards  (1968)  made  the  same 
observation  after  5  months  of  retention.  If  indeed  these  stretched 

gingival  fibers  contain  a  latent  relapse  force,  then  it  becomes  obvious 
that  either  retention  must  be  maintained  beyond  232  days  or  these 
stretched  fibers  must  be  surgically  inactivated.  Although  no  histologic 
studies  have  examined  the  orientation  of  gingival  fibers  beyond  reten¬ 
tion  periods  of  232  days,  this  study  found  no  correlation  between  re¬ 
tention  length  (  >  6  months)  and  rotational  stability  for  the  non- 
fiberotomized  group.  This  lack  of  correlation  could  mean  that  either: 

1)  gingival  fibers  lack  the  capacity  to  rearrange  in  passive  orienta¬ 
tions  during  retention  ,  or  2)  poor  cooperation  by  some  individuals 
during  the  initial  phase  of  retention  allowed  rotational  relapse  to 
occur  thereby  masking  the  relationship. 

Displaced  principal  fibers  of  the  periodontal  ligament  have  also 
been  implicated  as  factors  in  rotational  relapse.  Unlike  gingival  fi¬ 
bers,  they  have  been  observed  to  rearrange  themselves  during  retention. 
Reitan  (1959)  discovered  that  principal  fibers  were  fairly  well  rear¬ 
ranged— fibers  oriented  perpendicular  to  the  root  surface-after  only 
28  days  of  retention  and  completely  rearranged  after  147  days  of  reten¬ 
tion.  Edwards  (1968)  found  that  after  five  months  of  retention  the 

periodontal  ligament  fibers  were  running  perpendicular  to  the  root  sur¬ 
face.  If  this  principal  fiber  rearrangement  is  to  be  considered  a  trans¬ 
formation  to  an  unstrained  orientation,  then  it  would  appear  that 
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retention  of  rotated  teeth  is  most  critical  immediately  after  tooth 
rotation,  becoming  less  important  as  principal  fibers  rearrange.  In 
support  of  this  hypothesis,  Boese  (1969)  found  that  rotated,  gingivec- 
tomized  monkey  teeth  relapsed  16.2  percent  when  retained  for  4  weeks 
compared  to  only  9.0  percent  when  retention  was  extended  to  9  weeks. 
Pinson  and  Strahan  (1973)  in  a  clinical  study  observed  that  fiberotom- 
ized,  rotated  teeth  retained  for  less  than  16  weeks  showed  33.3  percent 
relapse  compared  to  22.7  percent  relapse  when  retention  periods  of  16 
to  28  weeks  were  used.  Walsh  (1975)  found  that  fiberotomized,  rotated 
teeth  relapsed  75  percent  when  no  retention  was  used,  27  percent  when 
retention  was  employed  for  a  period  of  2  to  12  weeks,  but  only  9  percent 
when  retention  was  continued  for  13  to  20  weeks. 

It  would  appear  from  these  experimental  and  histologic  studies  that 
principal  fibers  do  play  a  role  in  rotational  relapse  but  that  this  role 
is  diminished  with  increasing  retention  periods.  This  study  found  a 
very  weak  association  between  treatment  length  and  stability,  (r  =  .36, 
p  .05),  with  stability  increasing  with  treatment  length,  in  the  fiber¬ 
otomized  sample.  Treatment  length  for  this  study  was  measured  from  the 
time  of  archwire  placement  to  the  time  of  debanding.  Although  all 
participants  were  supposedly  "in  retention"  for  at  least  six  months 
subsequent  to  debanding,  in  actuality  some  individuals  probably  were 
inadequately  retained  as  the  retention  appliances  used  were  primarily 
removable.  Assuming  that  cooperation  during  retention  was  poor  for  some 
individuals,  it  becomes  apparent  that  the  actual  retention  period  for 
these  patients  occurred  during  the  treatment  phase  in  the  interval 
subsequent  to  tooth  rotation  but  prior  to  debanding.  This  relationship 


between  stability  and  treatment  length  could  then  actually  be  a  measure 
of  the  association  between  retention  length  and  stability  for  those 
individuals  who  were  not  adequately  retained  after  debanding.  This 
observation,  albeit  highly  speculative,  would  imply  that  tooth  rotation 
should  be  accomplished  early  on  in  treatment,  thereby  maximizing  prin¬ 
cipal  fiber  reorientation  at  the  time  of  debanding  and  minimizing  their 
potential  to  induce  relapse. 

If  gingival  fibers  are  inactivated  by  surgical  intervention  and 
teeth  retained  for  periods  necessary  for  principal  fiber  rearrangement, 
one  might  expect  that  these  teeth  would  remain  perfectly  stable.  This 
appears,  however,  not  to  be  the  case.  All  studies  have  observed  some 
degree  of  relapse  of  surgerized  teeth  regardless  of  retention  length. 
Possible  explanations  for  this  phenomenon  could  include:  1)  inadequate 
transsection  of  gingival  fibers,  2)  latent  elastic  forces  within 
stretched  principal  fibers  which  become  encased  in  alveolar  bone  during 
retention  but  are  subsequently  exposed  as  this  alveolar  bone  is  re¬ 
modeled  over  time,  3)  muscular  and  occlusal  forces,  or  4)  reattachment 
of  severed  gingival  fibers  prior  to  the  release  of  strain  developed 
during  tooth  rotation.  This  study  observed  a  mean  surgical  group  re¬ 
lapse  of  22.8  percent  which  is  higher  than  most  other  observers  have 
encountered.  Mean  relapse  percent,  however,  was  significantly  less  for 
the  surgerized  group  than  the  non-surgerized  group  and  would  indicate 
that  fiberotomy  is  a  valid  technique  for  minimizing  rotational  relapse 
although  one  must  not  expect  to  achieve  perfect  stability  in  every  case. 

This  study  suggests  that  fiberotomy  is  an  aid  to  enhancing  ro¬ 
tational  stability  probably  by  inactivating  elastic  forces  within  the 


gingival  fiber  apparatus.  One  must  not  conclude,  however,  that 
stretched  gingival  or  principal  fibers  are  the  sole  causes  of  rotational 
relapse.  After  discontinuing  retention,  19  percent  of  the  fiberotomized 
teeth  in  this  study  rotated  away  from  their  original  pretreatment  posi¬ 
tions.  Eleven  percent  of  the  non-f iberotomized  teeth  rotated  away  from 
their  original  positions.  This  phenomenon  of  reverse  relapse  cannot 
be  explained  by  relaxation  of  fibers.  Clearly  other  forces  must  be 
necessary  to  cause  this  unusual  relapse  pattern. 

Contrary  to  the  findings  of  Swanson,  Riedel,  and  D'Anna  (1975), 
this  study  found  no  significant  difference  in  percent  relapse  between 
different  types  of  teeth,  e.g.  incisors  vs.  canines.  These  subgroups 
were  small,  however,  and  a  larger  sample  size  may  have  revealed  a 
significant  difference  in  percent  relapse  between  different  tooth  cate¬ 
gories.  Also  contrary  to  Swanson,  et  al . ,  and  Wiser  (1961),  no  signif¬ 
icant  association  was  found  to  exist  between  the  amount  of  treatment 
rotation  and  percent  relapse  of  rotation  for  either  the  fiberotomized  or 
non-fiberotomized  groups.  This  study  is  in  agreement  with  Boese  (1968) 
who  also  observed  that  relapse  was  not  related  to  treatment  rotation. 
Several  factors  may  explain  why  this  relationship  was  not  found  to  exist 
for  the  non-fiberotomized  group  in  this  study: 

1)  Oral  hygiene  varies  between  patients  and  may  have  an  influence 
on  relapse.  Edwards  (1971)  observed  that  individuals  with  "the 
poorest  hygiene  and  most  frequent  gingival  inflammation 
appeared  to  have  the  least  relapse  problems  between  the  ortho- 
dontically  approximated  teeth."  He  speculated  that  inflammation 
might  actually  destroy  the  disoriented  gingival  fibers  resulting 


in  the  formation  of  new  unstrained  fibers. 

2)  It  can  be  hypothesized  that  the  degree  of  principal  fiber 
rearrangement  has  an  influence  on  relapse  in  non-surgerized 
individuals.  If  we  assume  that  reoriented  principal  fibers 
resist  rotational  relapse  induced  by  gingival  fiber  contraction, 
the  less  complete  the  rearrangement  of  principal  fibers  when 
retention  is  terminated,  the  greater  will  be  the  relapse. 

If  the  variables  of  poor  oral  hygiene  and  inadequate  retention  had  been 
controlled  in  this  study,  it  is  possible  that  a  relationship  between 
treatment  rotation  and  relapse  may  have  been  observed. 


SUMMARY  AND  CONCLUSIONS 


This  study  was  undertaken  to  assess  the  long  term  clinical  efficacy 
of  fiberotomy  as  it  relates  to  rotational  relapse.  Forty-eight  ortho¬ 
dontic  patients  who  had  been  previously  treated  either  in  the  UW  Ortho¬ 
dontic  Clinic  or  in  the  private  practice  of  Dr.  Richard  Riedel  provided 
91  non-fiberotomized,  orthodontically  rotated  teeth  and  73  fiberotomized, 
orthodontically  rotated  teeth  from  which  data  was  collected.  As  this 
was  a  retrospective  study,  control  over  patient  treatment  and  retention 
was  not  possible.  Treatment  in  all  cases  was  accomplished  by  edgewise 
appliances.  Seventy-three  teeth  received  fiberotomies  either  inmediately 
prior  to  debanding  or  shortly  subsequent  to  debanding.  The  fiberotomy 
technique  used  was  usually  circumferential  supracrestal  fiberotomy; 
however,  in  a  few  cases  it  was  uncertain  what  technique  had  been  used 
and  perhaps  only  interproximal  slices  were  performed.  All  teeth  were 
retained  for  a  period  of  at  least  six  months  following  treatment  but  the 
retention  appliances  utilized  were  predominantly  removable  and  hence  the 
quality  of  retention  was  surely  variable.  Assessment  of  rotational 
relapse  was  made  after  a  minimum  of  two  years  postretention. 

Changes  in  rotational  tooth  position  were  measured  from  photocopies 
made  at  three  time  periods:  pretreatment,  posttreatment,  and  post¬ 
retention. 

Mean  stability,  a  measure  of  percentage  of  treatment  rotation  main¬ 
tained  at  the  postretention  period,  was  found  to  be  77.2  percent  for  the 
surgerized  group  compared  to  61.0  percent  for  the  non-surgerized  group. 
Expressed  as  percentage  relapse,  the  fiberotomized  teeth  revealed  a  mean 
relapse  of  22.8  percent  compared  to  39.0  percent  for  the  non-fiberotomized 


teeth.  This  represents  a  control  group  to  experimental  group  regression 
ratio  of  1.7  to  1.  The  difference  in  stability  between  groups  was 
statistically  significant.  The  probability  that  this  difference  could 
have  occurred  due  to  chance  was  less  than  one  percent. 

Based  on  the  findings  of  this  study,  the  following  conclusions 
were  made: 

1)  Fiberotomy  will  reduce  the  potential  for  rotational  relapse 
possibly  by  removing  the  influence  of  displaced  gingival 
fibers. 

2)  There  does  not  appear  to  be  a  difference  in  relapse  potential 
between  arches  or  tooth  categories. 

3)  There  does  not  appear  to  be  a  relationship  between  amount  of 
treatment  rotation  and  percent  relapse. 

Future  histologic  and  clinical  studies  are  recommended  to  elucidate 
more  clearly: 

1)  whether  gingival  fibers  remain  stretched  for  longer  retention 
periods  than  232  days; 

2)  what  influence  gingivitis  has  on  gingival  fiber  orientation; 

3)  how  long  it  takes  for  gingival  fibers  to  reattach  subsequent 
to  fiberotomy  and  whether  or  not  they  are  unstrained  at  the 
time  of  reattachment. 
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